Accelerator technology development is presented for heavy ion drivers used in inertial-confinement fusion. The program includes construction of lowvelocity "test-bed" accelerator facilities, development of analytical and experimental techniques to characterize ion-beam behavior, and the study of ionbeam energy deposition.
Introduction
The role of technical management for the heavy ion fusion (HIF) program has recently been assigned to the Los Alamos Scientific Laboratory (LASL). In view of this new responsibility, we have reviewed the status of the HIF program, in preparation for formulating a program plan for the coming years. We present here several elements included in the program that address developments in accelerator technology, and indicate additional areas of concern that need attention in future program directives.
Since the initial suggestions to consider heavy ion beams as drivers for inertial-confinement fusion targets, four HIF workshops have been held,'-4 at which various technical issues have been studied. At the last workshop, held a year ago in Berkeley, the conclusions focused on continuing analytical studies regarding ion-beam stabilities during acceleration and transport, with the development of hardware appropriate for HIF considered to be a secondary, albeit challenging, concern. An overview of HIF driver requirements is presented elsewhere in these proceedings. 5 In presenting the accelerator requirements for HIF, one general type of accelerator is regarded as the prime candidate; the linear accelerator, or linac. Two approaches are being pursued for linacs: the conventional radio-frequency (RF) linac, and the induction linac. In both approaches, the ultimate beam power seems to be limited by conditions in the low-velocity portion of the linac such as beam quality and space-charge effects; it is important to understand the low-velocity performance limits for each approach. The RF-linac approach, which can achieve the necessary beam currents only by use of storage ring accumulation, has the additional problem of loss of beam quality during storage-ring manipulations. The ultimate choice of which large linac, if any, will be built as a first HIF facility will result from efforts to understand these limits. For this reason, a rational program plan must include such studies; funding realities associated with a newly emergent program such as HIF will preclude more amibitious projects until these studies have been made.
In the context of possible future large facilities, and given the projected beam-intensity requirements, development of nondestructive, indirect beam diagnostics is needed and presents considerable challenge, requiring more innovation than larger resources. Additionally, analytical studies on beam stability during acceleration and transport, as well as for the beam-target interaction, have not yet resulted in a mature expectation of realistic beam performance at the power levels envisioned, and need further effort. 
J LBL Test Bed
The program at LBL is designed for the shortterm goal of constructing a facility to study the most pressing issues confronting the induction-linac approach. The parameters of the LBL Test Bed, which consists of a source, low-velocity section, and flexible main section of induction modules, are presented in Table I , and a schematic outline of the accelerator is shown in Fig. 2 Because the main concerns of the induction-linac approach are associated with low-velocity performance, the ultimate beam kinetic energy need not be as high as for the RF linac test bed. The studies of accelerator performance will include the items presented in Table II , and should provide a basis for the confident design of a complete driver of the inductionlinac type.
The LBL facility can also be upgraded in the future to provide capabilities for physics studies of beam-target interactions, but a multi-kJ beam energy may require a substantial additional investment. More likely, should the induction-linac approach be preferable to the conception of a large HIF facility, a totally new design may be undertaken, rather than a simple extension of the test bed.
Diagnostics Developments
The necessity for making precision studies of beam quality in the test-bed facilities and anticipated conditions, where direct beam probes are unsuitable in a larger HIF facility, requires that nondestructive diagnostics be available for high-current heavy ion beams. Possible approaches to nondestructive beam position, profile, velocity spread, and charge distribution are being evaluated at both ANL and LBL.
The position and profile system (PAPS) developed at ANL9 has been used to measure the emittance of the ANL heavy ion source and preaccelerator; details are presented in Fig. 3 . The PAPS device makes use of electron generation by an ion beam in background gas, and is essentially a passive array of electron collection strips at one end of an imposed (transverse) electric field. As can be seen in the figure, this technique can be used for intense heavy ion beams, at least for the beginning stages of a heavy ion driver.
Development of two diagnostic devices is underway at LBL; one to characterize velocity distributions in an ion beam, and the other to sense position and charge cross section of an ion beam. The former, as presently conceived, employs resonant laser scattering and senses the velocity distribution in a beam by Doppler broadening measurements, as illustrated in Fig. 4 . The latter system can be used to infer spatial and chargedensity characteristics, by inverting measured displacements of an electron beam injected normally to the beam direction. Figure 5 shows a schematic of this approach. Although the above examples of nondestructive ion-beam diagnostics may not yield the precision required for a heavy ion driver, they illustrate the type of development needed in the future. It is also possible that these examples will evolve into devices that respond to the eventual requirements.
Other Problem Areas
The promise of HIF is based on two considerations: the development of heavy ion drivers (including beam transport) represents reasonable extension of current technology, and the beam-target interaction is expected to be classical and to yield confident target designs. We 
